Matter No.: 10559-101002 
Applicant(s): Louis A. Lippincott 
SCALING IMAGES FOR DISPLAY 



Page 1 of 13 



1920x540, 1080i field 



12 




Overlay scaling @85Hz 
176MB/Sec. Average bandwidth 
1054MB/Sec. Peak bandwidth 



fiur 



^14 



4:1 Down scaled 
image (480x135) 



FIG. 1 



1920x540, 1080i field 




18" 



FIG.4 




Vertical scaling @ 60Hz 
155MB/Sec. Sustained bandwidth 



Overlay scaling @ 85Hz 
44MB/Sec. Average bandwidth 
264MB/Sec. Peak bandwidth 



20 
__L_ 



i 



Memory 



.1920x540, 1080i field 
Scaled 4:1 vertically to 
1920*1 35 | 



26 



4:1 Down scaled 
image (480x135) 

Screen 



Matter No.: 10559-101002 
Applicant(s): Louis A. Lippincott 
SCALING IMAGES FOR DISPLAY 



Page 2 of 13 









-13 


Computer Memory 






Overlay Scaling 




85Hz 









FIG. 2 



L.14 



Matter No.: 10559-101002 
Applicant(s): Louis A. Lippincott 
SCALING IMAGES FOR DISPLAY 



i 

Page 3 of 13 ' 



FILTERING ORDER - 



16- 



PIXEL 
SEGMENTS 



16- 



V 



mi 



ZZ 



t4 



FIRST PIXEL SEGMENT 



ZZ 



~.ZZZ 



77 



zzzz 



2220 



PRIOR ART 

FIG. 3 



LAST PIXEL SEGMENT 



16 



1 



29 

FIRST PIXEL /J\\ 
SEGMENT MM 



7 



SECOND PIXEL 
SEGMENT 



FIG. 5 



ZZ 



22 



22 



25 



LAST PIXEL SEGMENT. 



Matter No.: 10559-101002 
Applicant(s): Louis A. Lippincott 
SCALING IMAGES FOR DISPLAY 



Page 4 of 13 



FIRST PIXEL SEGMENT 

21*/ ** * -SECOND PIXEL SEGMENT 









V 








\ 




























































































H 







FIG. 6 



27 



LAST PIXEL SEGMENT 



Store in 
Memory 



50 



Vertical 
Scaling 



52 



Store in 
Memory 



53 



^48 

i 
i 



Horizontal 
Scaling 

54 



FIG. 7 L ' 



Display on 
Screen 

56 



.58 



FIG. 8 



28 



Memory 



I 



-1^38 



I ,40 

,30 1 f 

I Hardware Vertical 



Memory Interface 



L_ \ 



-=t I 



Input Pixel 
Formatting 
Block 



32 



Pixel Filtering 
Block 



.34 



36 



Scaler 



Output Pixel 
Formatting 
Block 



Matter No.: 10559-101002 
Applicant(s): Louis A. Lippincott 
SCALING IMAGES FOR DISPLAY 



Page 5 of 13 ' 



78 
78 

60 
66 
68 
70 
72 





Description $ 
v*iocK ana rtesei inrariavo \ 


HVS_Reset 


naroware verucai ocaier iw>ei 


HVS_Clk 


UorHuioro V/oriimal Q/^alor main rJoek * 

naroware verucoi ouaior mam wuw\ 




iViumory inujnaCw 


Fetch Ready 


OUUIuv II IUUI II I lOUv UQIQ Iw o » uiiuwiw \" wl " ■ »w»j # 


Fetch Data[3i.uj 


OUUI vO II IL/vll It 1 IQ^w UalM ^llviii mwnwi / vwl w»«wi / 




Ponktar nnri Cflmmand Interface 


Start Y_Cmnd 


wvillIllallU lv oioi i uio pi vwowii iy wp wiw » f * r 


Y Addr[31:3] 


UULsUl ^5/ UllO vl Ulw OUUI VV 1 Hiiwyw wwi ww w 


Y Pitch[14:3] 


rVllwUlll Iw OVJU Iw U Iw OUUI «99 »*/ iwvow «'v • i>»r»» ,w w • n 


Y_Length[10:0] 


numDwi UT unco IN uio ouuivo mpui i in'oy** r IB,w 


YJAfldth[11:0] 


iNUl • IL/Ul Ul 1 UIAOIO \A"T/ III wl III Iw vl miv wwwiww imimqw 


Start U Cmnd 


VsOflN llanQ lO SlaTl uio jJiUwOooniy \J\ mo v r w ,v w r Mwn ' 


U_Addr[31:3] 


Upper £o DtlS OT ul© SOUrCo vl imayo uyio auuiwo 


U_Pitch[14:3] 


Amount 10 3GQ XO me aOGreSS in iuuiw u \xs i ioai w 1© a w jjiacio 


U Lenathf 10:01 


Number of lines in the source input U image plane 


\ U_Width[11:0] 


Number of U pixels (x4) In one line of the source image j 


Start V Cmnd 


Command to start the processing of the V plane of pixels 


V_Addr[31:3] 


Upper 29 bits of the source V image byte address 


V Pitch[14:3] 


Amount to add to the address to locate the next line's V pixels 


V_Length[10:0] 


Number of lines in the source input V image plane 


VWidth[11:0] 


Number of V pixels (x4) in one line of the source image j 




Filter Interface 


Filter _Ready 


Filter block is ready to accept pixels from the IPFB 



IPFB Input Table 

FIG. 9 



Matter No.: 10559-101002 Page 6 of 

Applicant(s): Louis A. Lippincott 
SCALING IMAGES FOR DISPLAY 



78 
78 



76 



Output Table 


Signal 






Memory Interface 


Fetch_Req 


Request to the memory interface for the source image 


Fetch Addr(31:3] 


Upper 29 bits of the source image current byte address 




Register and Command Interface 


Y Done 


The IPFB has sent the last pixel segment of the Y image to the PFB 


U Done 


The IPFB has sent the last pixel segment of the U image to the PFB 


V Done 


The IPFB has sent the last pixel segment of the V image to the PFB 




Filter Interface 


Column_Done 


The last pixel of the current column is being sent to the Filter Block 


Filter Req 


Request to send the next set of pixels to the Filter Block 


Filter _Data[31:0] 


The pixel data to the Filter Block 



FIG. 10 



Matter No.: 10559-101002 
Applicant(s): Louis A. Lippincott 
SCALING IMAGES FOR DISPLAY 



Page 7 of 13 





HVS_Reset 






HVS.Clk 




78-^ 


Fetch_Ready 


Fetch_Req |_ 


78-+ 


Fetch_Data[31:0] 


Fetch_Addr[31:3]L 


60-> 


Start_Y_Cmnd 


Y_Done j_ 


66 -> 


Y_Addr[31:3] 


68 r> 


Y_Pitch[14:3] 


U_Done j_ 
v_ Done i 


70 


Y_Length[10:0] 




72 -> 


Y_Width[ll:0] 




62 


Start_U_Cmnd 




66 -> 


U_Addr[31:3] 




68 -> 


U_Pitch[14:3] 




70 -> 


U_Length[10:0] 


y 1 


72 -> 


U_Width[ll:0] 




64 -* 


Start_V_Cmnd 




66 -> 


V_Addr[31:3] 




68 


V_Pitch[l4:3] 




70 -+ 


V_Length[10:0] 




72-* 


V_Width[ll:0] 


Column_Done L 




Filter .Ready 


Filter.Req 1 
Filter _Data[3 1:0] I 



FIG. 11 



Matter No.: 10559-101002 
Applicant(s): Louis A. Lippincott 
SCALING IMAGES FOR DISPLAY 



Page 8 of 13 



Input Table 



Signal 


Description 




Clock and Reset Interface 


HVSJteset 


Hardware Vertical Scaler reset 


HVS_Clk 


Hardware Vertical Scaler main clock 




Input Pixel Formatting Block (IPFB) Interface 


Y_Done 


The IPFB has sent the last pixel segment of the Y image to the PFB 


U_Done 


The IPFB has sent the last pixel segment of the U image to the PFB 


V_Done 


The IPFB has sent the last pixel segment of the V image to the PFB 


Column_Done 


The last pixel of the current column is being sent to the Filter Block 


Fitter.Req 


Request to input the next set of pixels to the Filter Block 


Filter _Data[31:0] 


The pixel data to the Filter Block 




Output Pixel Formatting Block (OPFB) Interface 


Scaled Ready 


OPFB is ready to accept pixels from the PFB 




Register and Command Interface 


CRAM_Write 


Write command to the CRAM port 


CRAM Addr[5:0] 


CRAM Address for programming coefficients 


CRAM_Data[6:0] 


Seven bit CRAM coefficient data 


DDAJ/Vrite 


Write command to the DDA port 


DDA_Addrf3:0] 


DDA Function Address for programming DDA behavior 


DDA_Data[31 :0] 


DDA data 



FIG. 12 



Output Table 



Signal 


Description 




Input Pixel Formatting Block (IPFB) Interface 


Fitter ^Ready 


Filter block is ready to accept pixels from the IPFB 




Output Pixel Formatting Block (OPFB) Interface 


Scaled_Req 


Request to transfer data from PFB to OPFB 


Scaled_Data[31:0] 


Scaled output image data from Pixel Filter Block 



FIG. 13 



Matter No.: 10559-101002 
Applicant(s): Louis A. Lippincott 
SCALING IMAGES FOR DISPLAY 



Page 9 of 13 



Pixel Filtering Block (PFB) 





HVS_Reset 

HVS.Clk 

CRAM_Write 

CRAM_Addr[5:0] 






CRAM_Data[6:0] 






DDA Write 
DDA_Addr[3:0] 






DDA_Data[31:0] 




80-*- 
82-*- 


Column_Done 
Y_Done 

U_Done 
V_Done 






Filter_Req 
Filter_Data[31:0] 


Filter_Ready 




Scaled_Ready 


Scaled_Req 
Scaled_Data(31:0] 



FIG. 14 



Matter No.: 10559-101002 
Applicant(s): Louis A. Lippincott 
SCALING IMAGES FOR DISPLAY 



Page 10 of 13 




m 
VO 

Q 



CO 

•o O CO 



Matter No, 10559-101002 Page 11 of 13 

ADDlicant(s): Louis A. Lippmcott 
SCAUNG IMAGES FOR DISPLAY 



HVS_Reset 



Memory Cont roller can accept output Image data 

Register and C ommand Interface 

Upper 29 bits of the scaled Y Image destination byte address 
Amount to add to the address to locate the next line's Y pixels 
Number of lines in the scaled output Y image plane 



I Y ^Addr(31:3] 
I Y^ PitchI14:3l 
I Yj-ength[10:0] 



[T) „Addrpi:3] 
] U_ Pttch[14:3f 
[ uj,ength[1fr0] 



I U_Width[11:0] 



| V_Addrt31:3] 



100 StoreJT 



102 rstoreJJ 

1Q4 rstore,v" 

i14l ScaledJData[31:0) 



Number of Y pixel s (x4) In one line of the scaled Image 
Upper 29 bits of the s caled U Image destination byte address 
Amount to add to t he address to locate the next line's U pixels 
Number of lines in the scaled input U image plane 



Number of U pixels (x4) in one line of the scaled image 



Upper 29 bits of the scaled V Image destination byte address 



The Pixel Fi lter Block is processing the U plane of pixels 
The Pixel Filter Block is processing the V plane of pixels 
Scaled output image data from Pixel Filter Block 



FIG. 16 



Signal 


Description 

Memory Interface 


Store_Req 


Bequest to the memory interface for the output image data 


Store_Data[31:0] 


Scaled output image data 


"itore_Addr[31:3] 


Upper 29 bits of the scaled image current byte address 




Finer Interface 


ScalecLReady 


OPFB is ready to accept pixels from the PFB 



116 
116 
116 

114 



Matter No.: 10559-101002 
Applicant(s): Louis A. Lippincott 
SCALING IMAGES FOR DISPLAY 



Page 12 of 13 





HVS_Reset 












HVS_Clk 




1l6-> 


Store_Ready 


Store Req _ 




Store_Addr[31:3] _ 


100-* 


Store_Y 


Store_Data[31:0j 


106-+ 


Y_Addr[31:3] 




108-* 


Y_Pitch(14:3] 




110-+ 


Y_Length[10:0] 




112-* 


Y_Width[ll:0] 




102 -*> 


StoreU 




106 


U_Addr[31:3] 




108 -> 


UPiteh[14:3] 




1l0-> 


U_Length[10:0] 




112-* 


U_Width[ll:0] 




104 -> 


Store_V 




106 


VAddr[31:3] 




108 


V_Pitch[14:3] 




110— ► 


V_Length[10:0] 




112-* 


V_Width[ll:0] 




1l4-> 


ScaledReq 


Scaled JElead 


114— ► 


Scaled_Data[31:0] 





FIG. 18 



Matter No.: 10559-101002 
Applicant(s): Louis A. Lippincott 
SCALING IMAGES FOR DISPLAY 




